Abstract. Water of aeration zone plays an important role in water cycle, and is closely related to the agriculture, hydrology and environment. Because of its complex process in the groundwater flow, it is usually necessary to simulate or predict the groundwater flow problem by using numerical techniques. Discontinuous Galerkin methods can overcome the problems of the discretizationand the degree of freedom about standard Galerkin method. This article summarizes the development and the mathematical model of kinds of discontinuous Galerkin methods.
Introduction
The fluid movement in the porous media, has a complicated and widespread physical phenomenon, and its mathematical model is quite complex, As the porous medium, soil is made up of numerous solid particles of broken irregular shape and complex arrangement. The size, shape and connectivity of porous media pore are not identical, which greatly affect the fluid properties and movement characteristics [1] . The common characteristics of water of aeration zone and groundwater are that their moisture exists in the pores of the porous medium, and runs in it. Although the study of water of aeration zone and groundwater play an important role in the theory and application, due to the complexity of the problem, for a long period of time, the water of aeration zone problems which constantly encountered in the production practice can only be qualitatively described or handled in various empirical methods. Because establishing the mathematical model is often difficult to obtain the expression of analytical solution, people try to use approximate numerical techniques for solving the mathematical model of water of aeration zone and groundwater in porous media [2] . The Discontinuous Galerkin (DG) method is a kind of finite element method by constantly weakening boundary conditions and the internal unit with the discontinuous piecewise polynomial space and special Bilinear form [3] .DG method maintains the advantages of traditional finite element and finite volume method, and has other properties: local mass conservation, the discontinuous functions space of different units defining different orders reaches the high-order accuracy, a smaller numerical dispersion and non-physical oscillations, the high precision of dealing with convection dominated problems. This article summarizes the development and the mathematical model of kinds of discontinuous Galerkin methods.
The Development of Discontinuous Galerkin Method
Discontinuous Galerkin Method DG method first was proposed to solve the first order hyperbolic equations of describing the steady-state neutron transport problems, and then scholars have conducted research in terms of the error analysis of this approach. Because this method has the characteristics of explicit solution calculated from the "upstream" to "downstream" layer by layer along the flow line, and it is suitable for parallel computing, it is quite widely used in the hyperbolic problems, such as hyperbolic conservation law and compressible Navier-Stokes equations. Compared with traditional continuous finite element method, DG method has better stability, especially for the first ordersub-operatorin hyperbolic equation, and can better improve iterative performance for the vector linear equation [4] . For convection-dominant diffusion problem, it presents the characteristic of hyperbolic properties to a great extent, put forward to solve the steady convection diffusion problems with the discontinuous finite element method, and proves that numerical solution has a good stability and high order accuracy when the grid subdivision satisfies certain condition and the value of diffusion coefficient is small so that it has the same order with the grid parameters, Sun and Qin put forward Finite Difference Discontinuous Galerkin (FDDG), on Unsteady first-order hyperbolic problems, the methods use the difference discrete for time Direction, and DG discrete for space direction [5] .
Local Discontinuous Galerkin Method
Local Discontinuous Galerkin (LDG) method is a kind of promotion of Runge-Kutta Discontinuous Galerkin (RKDG) method proposed by Cockbum and ShuRunge-Kutta to solve conservation laws. When solving the convection-diffusion equation, LDG method has the same order accuracy with DG method, but the LDG method can handle more complex regional issues, as well as complex boundary value problems. This is because LDG method uses the intermittent assumption of the solution and it reduces the requirements of net regularity with discontinuous Galerkin method; besides, its unit primary function allows intermittence in the cell junction, and the appropriate primary function makes the mass matrix become free block diagonal, and each sub-block of the order and the degree of freedom of the corresponding units are the same, which makes calculation for each unit only require the degree of freedom of adjacent units. Thus, it contributes to the parallel algorithm.
The New Discontinuous Galerkin Method
With the promotion of computing performance and the development of the finite element adaptive method, because of the discontinuous finite element method for solving elliptic problems allowing the existence of the suspension point dissection in unit of the discontinuity, and more flexible after being combined with finite element of HP adaptive calculation, Interior Penalty Discontinuous Galerkin Method (IPDG) gains more research and development. Scholars have constructed a variety of new type of discontinuous finite element format and promoted to apply to all kinds of partial differential equations, including: hyperbolic, elliptic, parabolic and convection-diffusion equation [6] . Sun and Wheeler (2006) applied and analyzed three kinds of DG methods for solving the reaction transport equation ,which are SIPG (Symmetric Interior Penalty Galerkin) method, NIPG (Nonsymmetric Interior Penalty Galerkin) method, HPG (Incomplete Interior Penalty Galerkin) method, and noted that all three methods can get the best estimate of hp.
DG method of penalty form can accurately and efficiently solve problems in the coarse grid. Compared to standard finite element method, DG method shows good global mass conservation properties. Especially for sandy soil, sandy loam whose character is coarse, saturated hydraulic conductivity is greater and character is hyperbolic in the role of convection term, the accuracy of the numerical solution of the DG method on a coarse computing grid is significantly higher than FEM, and the global mass conservation error is less than FEM. The DG method also shows the acceptable accuracy when the DG method simulates loam and clay powder, which is homogeneous and the impact of whose convection term is small, and equation Peclet value is less than 1 and the unsteady and unsaturated water flow problem of higher volumetric water content on the infiltration borders. The global mass conservation of DG method is in the acceptable range when the numerical subdivision unit appropriately increases. For the loam and clay loam, the impact of whose convection is not obvious, and whose volumetric water content is lower on the infiltration borders, DG method can roughly characterize the unsaturated water movement, but for simulation for a long time, the DG method cannot effectively simulate the water flow movement in this paper [7] .
The Mathematical Model of Discontinuous Galerkin Method

Convection-Dominated Diffusion Reaction Equation
Consider convection-dominated diffusion reaction equation: 1, the equation (2-1) presents properties of hyperbolic equations, and then the equation is the convection-dominated diffusion equation [8] .
The General Model of Water Flow Problem
Discontinuous finite element method is applied to the field of hydro dynamically computational field by widespread concern, and grid refinement and high precision of handling the boundary conditions are easy, which can realize adaptive computing; at the same time, because the discontinuous finite element method (FEM) absorbs some characteristics of the finite difference method, it is possible to meet the explicit solution, have good stability, meet 1 2 stability and compatibility of entropy [9] .General model of water issues is usually expressed as: 
) θ is the volumetric water content in porous media, ψ is the pressure head, is effective hydraulic conductivity, K is the source and sink terms, coordinate of vertically downward direction is positive.
The partial differential equation of unsaturated medium one-dimensional vertical flow (θ-equation) has the following simplified form:
(5) θ is the volumetric water content, dimension of L3 / L3; t is time, dimension of T; K (θ) is the unsaturated hydraulic conductivity, dimension of L / T; unsaturated water of aeration zone diffusivity D (θ) is the ratio of non-saturated hydraulic conductivity K (θ) and water capacity C (θ), dimension of L.Z is spatial coordinates, dimension of L; the origin of coordinates orientation is positive. Hydraulic characteristics of unsaturated water flow movement is mainly composed of hydraulic conductivity and water characteristic curve, according to van Genuchten-Mualem model [10] , which has the following expression:
Se=(θ − θr)/(θs − θr) Function of pressure head of volumetric water content are as follows:
θr is the residual volumetric water content, dimension ofL 3 /L 3 ;θs is the saturated volumetric water content, dimension ofL 3 /L 3 ;m`and n` 'is the shape parameters of the water characteristic curve; Ks is the saturated hydraulic conductivity, dimension of L/T; α is the porous medium parameters related to the average pore diameter, dimension of L -1 .
The Mathematical Model of Water of aeration Zone Infiltration
Mathematical Model of Surface water of aeration zone infiltration under the conditions of surface moist can be expressed as:
θሺz, 0ሻ = θ 0 , θሺ0, tሻ = θ a , θሺl, tሻ = θ b
Calculation region is [0, l];θ 0 is the initial moisture content distribution; θ a and θ b , respectively correspond to the upper and lower boundary water content value. When the surface water is in the infiltration condition but the water supply intensityq 0 (t) does not exceed soil infiltration capacity, or in evaporation conditions, evaporation intensity is known, there are two types of boundary conditions: − ሺDሺθሻ
This moment the boundary conditions can be rewritten to be moisture gradient expression [11] :
Similarly, lower boundary conditions: − Dሺθሻ
Do a similar process:
Conclusion and Prospect
How to effectively and accurately solve unsaturated water flow of the convection-dominant in porous media is interdisciplinary and has research significance. Interior Penalty method of discontinuous finite element can't effectively simulate the condition, which is that in Dirichlet boundary conditions the infiltration capacity is small on the upper border, and the impact of equations convection item is small. The numerical simulations results of Dirichlet equation are different for different soil texture. For the soil profile of soil texture being relatively rough, saturated hydraulic conductivity being larger, application of penalty DG method can effectively simulate strong convection dominant, and simulation region upper boundary shows unsaturated water of aeration zone flow problem of high water content, and give satisfactory accuracy. Besides, penalty discontinuous finite element method makes IPDG method to have certain requirement to the penalty coefficient because of itself factors, and the method may lose efficacy, if it is chosen incorrectly,. These problems of numerical simulations need to be further explored. In addition, this study is only limited to simulate unsaturated water flow problem of one-dimensional region which is more homogenous uniform partition of the total space. In order to further expand of the simulation application to a complex two-dimensional heterogeneous unsaturated water flow, which is closer to the actual condition, further researches are still needed.
